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Whistler wave dispersion measurements near the ion gyro frequency

Albrecht Stark1 , Christian Franck1 , Olaf Grulke1' 2 , Thomas Klinger1' 2

1) Max-Planck-Institute for Plasma Physics, EURATOM Association, D-17491 Greifswald, Germany
2) Ernst-Moritz-Arndt University, D-17489 Greifswald, Germany

Investigation of ion whistler waves under laboratory conditions is difficult because of the long
wavelength. In the VINETA device electromagnetic waves around the ion gyro frequency
have been successfully launched. For frequencies above the ion gyro frequency the waves are
identified as R-waves. Below the ion gyro frequency the measurements cannot be explained by
R-wave or L-wave dispersion alone. In a heuristic way the observed dispersion is described
by the difference wavelength of R-wave and L-wave.

1. Introduction [] [0 Is 0] 00 0 ON 0 0 Z [a 0 1

Whistler waves have been subject of research for al- ]
mnost one century [1]. Excited by lightning whistler 0E N N O M MOE) [][ ][0-•[ ] ] [ ]•] [ ][waves, low frequency electromagnetic plasma waves, 'T

are known to propagate in the ionosphere along iag- s4.5m f-power

netic field lines. Because of their dispersion, high fre- pump
quencies propagate faster then low frequencies and
therefore, whistling tone bursts of descending fre- Figure 1: Schematic diagram of the VINETA device.
quency can be observed. Ion whistler waves, with The device consists of four identical modules (I-IV).
a different dispersion behaviour, were observed by Only one complete module is shown in the schematic
satellites [2]. But until today, there was no observa- (module I). On the 1.h.s. the vacuum pump is ln di-
tion of L-waves in laboratory plasmas. cated and the helicon source is located on the r.h.s.
Waves in magnetised plasmas can be distinguished in
wave propagation parallel and perpendicular to the 2. Experimental Setup
ambient magnetic field. Whistler waves are of the
type k 11 B0 . Starting with a cold plasma dispersion Experiments were carried out in the linear VINETA
relation, an expression for waves with k ii Bo such as device [6], plotted in Figure 1. The vacuum cham-

k2c 2 
_2 + . ber is made up of four identical modules of 0.4 m

PC-1 wP (1) in diameter and 1.lm in length and is immersed
w+ i) (w T wee) in a set of 36 magnetic field coils (Bo < 100 mT).

is found [3]. Here Wps = (n1eq2/mseo) is the plasma The plasma source (a right hand half-turn helical
frequency and w,, = Jq,!Bo/m, the gyro frequency antenna) is placed at one end of the device. The an-
of the species s. The dispersion relation contains tenna is driven with rf of 5 - 30 MHz and power of
two different modes, where the first (upper choice of up to 2.5 kW in cw-mode and 6 kW in pulsed mode.
signs) is the R-wave and the second (lower choice) is Depending on gas pressure, magnetic field strength
the L-wave. The ion gyro frequency represents a res- and power, three different discharge modes can be es-
onance for L-waves, and the propagation is limited to tablished (capacitive, inductive, and helicon mode).
frequencies below this resonance. Waves propagating Plasma densities are in the range of 101" - 1019 m-3

in this regime are called ion whistler waves, and electron temperature in the range 1 - 5 eV.
In multicomponent plasmas a separate resonance Whistler waves are launched by a loop antenna
occurs for each ion species. The frequency regime with 30 mm in diameter [7]. The antenna is placed
of propagation depends on the ion species as well centrally in the device and its surface normal is
as on the relative ion concentrations. At a certain oriented parallel to the ambient magnetic field.
frequency between two neighbouring ion gyro In order to induce a magnetic field perturbation
frequencies the dispersion of R-wave and L-wave in- 6B/Bo in the range of a few percent, the exciter
tersect. A mode coupling of R-mode to L-mode can signal power is in the order of P = 50 W. The
occur at this crossover frequency [4]. Measurements waves are detected by magnetic fluctuation probes
of the dispersion behaviour provides a diagnostic (B3-probe) [8]. As the induced voltage at the probe
tool for ion concentrations as as well for plasma is proportional to the exciter frequency (Uind OC W),
composition. This diagnostic tool has already been the probe consists of 25 windings 25 mm in diameter
used to determine ionospheric plasma composition, to provide a sufficient sensitivity. A computer
but the observations partially deviate from standard controlled high-resolution probe positioning system
models [5]. Laboratory measurements could be is used for two-dimensional (radial-axial) measure-
helpful to clarify this. ments of propagating wave fronts. Helium is used as

filling gas with typical gas pressure of 0.2 - 3 Pa.
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NN' \,•" ' 'discontinuous jump is ot)served around fri. Never-

theless, the deviation form the R-wave dispersion
0 "below fi indicates that the L-wave is involved as

well. Possibly, a non linear superposition of R-
e\ . .and L-wave necessary to explain the measurements

2 •" ' . (maybe due to the high excitation power used). A
M - ...... •..• more appropriate (heuristic) agreement is to the

difference wavelength AR - AL (dotted line). This

will be analysed in future investigations. To our
knowledge, this is the first experimental observation
"of L-wave propagation under laboratory conditions.

100 200 300 400 500 4. Summary and Conclusion
frequency (kHz) Waves has been launched with frequencies near

Figure 2: Measurements of whistler wave disper- the ion gyro frequency. For frequencies above the

sion (markers). The calculated dispersion relations ion gyro frequeicy, a decreasiig wavelength with

of an R-wave (solid line) and L-wave (dashed line) increasing frequency is observed. This behaviour is

are shown as well. Superpositions of R- and L-waves very well described by an R-wave dispersion. Below

(LI,L2 = 27r/(kL ± kR)) are represented by dash- the ion gyro frequency a decreasing wavelength is

dotted lines and the dotted line is the difference observed for decreasing frequencies. Neither R-wave,

wavelength (AR - AL). L-wave dispersion nor a linear superposition of both
can explain these measurements. A more reasonable
approach, but so far only heuristic, is given by the

difference wavelength of R-wave and L-wave.
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